We estimate theD * D * 0 andB * B * 0 (1 −− ) molecules masses and couplings using QCD spectral sum rules (QSSR) known perturbatively to N2LO of PT series and including the contributions of non-perturabtive condensates up to the dimension-eight. Our results improve earlier LO results obtained from QSSR in the current literature. We obtain M barD * D * 0 = 5244(228) MeV which is heavier than the experimental candidates Y(4260), Y(4360), Y(4660) suggesting that they cannot be pure molecule states. We predict MB * B * 0 = 11920(159) MeV to be tested in B−factory experiments.
Introduction
Motivated by the recently observed 1 −− states Y(4260), Y(4360), Y(4660) from their decays to J/ψππ decays [1] often interpreted as molecules or four-quark states [2] , we improve our previous results [3] obtained to lowest order (LO) of PT series from the QCD spectral sum rules [4, 5] by evaluating the mass and coupling of thē D * D * 0 andB * B * 0 (1 −− ) molecules at N2LO of PT QCD and including up to dimension 8 condensates.
QCD analysis of spin one molecule
• Current and two-point fonction The two-point correlation function associated to thē D * D * 0 andB * B * 0 (1 −− ) molecule current is defined as:
with the current:
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Email addresses: fanfenos@yahoo.fr (F. Fanomezana), snarison@yahoo.fr (S. Narison), achris_01@yahoo.fr (Andry  Rabemananjara) where Π mol and Π (0) mol are respectively associated to the spin 1 and 0 molecule states. Due to its analyticity property, the correlation function Π mol (q 2 ) , obeys the dispersion relation:
where ImΠ mol (s) are the spectral functions.
• Laplace sum rule (LSR) The Laplace SVZ sum rules are improvement of the previous dispersion relation which becomes after the (inverse) Laplace transform:
Parametrizing the spectral function by one resonance plus a QCD continuum, the lowest resonance mass M H and coupling f H normalized as:
can be extracted from the previous Laplace sum rules (LSR) as [4, 5] :
and
where M Q is the heavy quark mass, τ the sum rule parameter and t c the continuum threshold.
• The QCD two-point function at N2LO For evaluating the perturbative part at NLO and N2LO, we assume a factorization of the bilinear currents and do a convolution of the corresponding scalar ImΠ (0) (s 1 ) and vector ImΠ (1) (s 2 ) correlators [6, 7] :
with the phase space factor:
Their QCD expressions are known in the literature [8] [9] [10] [11] . We shall use the relation between the on-shell M Q and the running massm Q (ν) to transform the spectral function into the MS -scheme [12, 13] :
where n l = n f − 1 is the number of light flavours and a s (ν) = α s (ν)/π at the scale ν. The QCD expressions of the non-perturbative part of the 1 −− molecule spectral functions used here have been computed up to dimension d = 8 in e.g. Ref. [14] .
• QCD parameters The PT QCD parameters which appear in this analysis are α s , the charm and bottom quark masses m c,b (the light quark masses have been neglected). The nonperturbative condensates up to dimension 8 considered here are the quark condensate, the two-gluon condensate g 2 G 2 , the mixed condensate gqGq , the fourquark condensate ρ2 , the three-gluon condensate g 3 G 3 , and the two-quark multiply two-gluon condensate ρg 2 G 2 where ρ indicates the deviation from the four-quark vacuum saturation. Their values are given in Table 1 . For the condensates, we shall use: (12) where β 1 = −(1/2)(11 − 2n f /3) is the first coefficient of the β function,μ q the renormalization group invariant condensate and Λ is the QCD scale.
Parameters
Values. , where one should note that the bilinear scalar heavy-light current acquires an anomalous dimension such that the decay constant runs as:
wherefD * D * 0 is a scale invariant coupling. One can see in these figures that the τ stability is obtained from t c = 32 ∼ 36 GeV 2 while t c stability is reached from t c = 49 GeV 2 . We consider as optimal and conservative result the one obtained inside this region of t c . • Convergence of the PT series We show in the Fig. 2 , the convergence of the expansion in PT. We can observe in Fig. 2a that, from the LO to the NLO, the mass increases by +6.72% and from LO ⊕ NLO to N2LO, by +4.42%. These corrections indicate that the LO results obtained in [3, 14] , by using the value of the running m c mass, underestimates the molecule mass by about 11.14%. For the coupling, the α s corrections are large. It increases about 50% from LO to NLO and about 35% from LO ⊕ NLO to N2LO, then to a total of 85%. Neverthless, one can see that the PT series still converges though slowly.
• ν-stability We study in Fig. 3 the behaviour of the mass and of the invariant couplingfD * D * 0 in term of the scale ν. One notices a good stability for ν ranging from 2.5 to 6 GeV where a minimum for the mass and an inflexion for the coupling occur for ν ≈ 3m c = 3.8 GeV which the same value as the one in the 1 ++ channel. We obtain at N2LO:
which is comparable with the LO result MD * D * 0 5268(24) MeV obtained by combining LSR and FESR [3] . For the coupling, we find: 4.B * B 0 (1 −− ) mass and coupling
• τ and t c stabilities We do the same analysis for the case of the beauty channel. The τ−behavior of mass and running coupling is shown in the Fig. 4 for given value of ν and for different values of t c . One can see that the stability in τ is between t c = 135 GeV 2 and t c = 160 GeV 2 where t c stability starts. We consider as optimal and conservative value of the mass and coupling the one obtained between these two extremal cases.
• Convergence of the PT series We study in Fig. 5 the convergence of the PT series. From LO to the NLO, the mass increases by 4.9% and from LO ⊕ NLO to N2LO it decreases by -2.98% which shows small corrections and a good convergence of the PT series. For the coupling, the α s correction increases the value by about 25% while from LO ⊕ NLO to N2LO, its decreases by about -15%.
• ν-stability We study in Fig. 6 
Conclusions
We have studied theD * D * 0 andB * B * 0 (1 −− ) molecules states using QCD spectral sum rules to N2LO of PT series and including non-perturbative condensates up to dimension 8. We consider the present result as an improvement of the previous ones [3, 14] . The mass ofD * D * 0 in Eq. (14) at N2LO agrees within the error with the LO result [3, 14] corrections are smaller for the coupling.
